Aim/Background: Colletotrichum destructivum is one of the most important causes of anthracnose disease of cowpea leading to a great reduction in their production and yield potentials. The constant application of chemicals to control these phytopathogens poses potential threats to human health and the environment. Potential non-chemical control strategy such as the use of botanicals would be a better alternative. Botanicals are readily available, safe, efficacious and eco-friendly. This study was undertaken to investigate the potentials of Cyathula prostrata and Diodia scandens leaf extracts to control the in vitro mycelial growth and sporulation of C. destructivum, causal agent of anthracnose disease of cowpea (Vigna unguiculata L. Walp). Methods: The leaves of both plants were air dried, pulverized, and the fine powder extracted by conventional maceration techniques using aqueous solution. Prepared concentrations (40-100%) of the extracts were then tested against the in vitro mycelial growth and spore germination of the purified test pathogen (C. destructivum) isolated from infected cowpea pods. Benomyl (3%) was used as reference fungicide drug. Results: It was observed that the extract treatments at 60, 80 and 100% significantly (P<0.05) inhibited the mycelial growth and sporulation of the fungal pathogen in a concentration dependent pattern. D. scandens leaf extract treatment was more effective than C. porstrata extract, and its effect on the pathogen's sporulation at 100% after 3hours was greater (P> 0.05) than that of benomyl fungicide (3%). Conclusion: These findings suggest that C. prostrata and D. scandens leaf extract have the potentials as veritable control agents of anthracnose disease of cowpea in Africa.
INTRODUCTION
Cowpea (Vigna unguiculata L.Walp) is one of the most ancient crops known to man. It is widely cultivated by millions of people in the tropics as a major source of their livelihoods [1] . It is cultivated globally primarily as a vegetable, cover and cash crops [2, 3] . Cowpea is rich in quality protein and has energy content almost equivalent to that of cereal grains. Cowpea grain is consumed directly after cooking, or as a component of meals made from cereals or root crops [4] . Cowpea cakes (made from mashed and fried seed) are also sold as a fast food along roadsides in humid forest of Southwestern Nigeria [5] .
Cowpea is widely cultivated in the humid tropics of South-western Nigeria. Report showed that Nigeria was regarded as the world's largest producer (with 2.1 million tonnes) of cowpea, followed by Niger (650,000 tonnes) and Mali (110,000 tonnes) in the year 2002 [6] . However, its cultivation is faced with several set-backs such as attack by pests and diseases in of Southwestern Nigeria [7] . Notably among them is the incessant attack by a host of many seed-borne pathogens such as anthracnose disease which is characterized by black lesions typical of the fungal Genera Colletotrichum.
Plant diseases caused by the genus Colletotrichum are generally called anthracnose. Anthracnose, Greekderived word meaning 'coal', is characterized by very dark, sunkun lesions, containing spores in infected plant [8] . Anthracnose disease of cowpea affects the aerial parts with the production of water-soaked lesions in all tissues of cowpea plant. It is induced by Colletotrichum destructivum O'Gara, a common anthracnose disease of cowpea in Nigeria [9]. Initial infection by Collectotrichum species involves a series of processes including the attachment of conidia to plant surfaces, germination of conidia, production of appresoria, penetration of plant epidermis, growth and colonization of plan tissue and production of acervuli and sporulation [8, 9] . It has wide host range affecting egg plants, citrus, cotton, tomato, coffee, banana, water melon, wheat, yam, onion, avocado and legumes with a great reduction in their productions and yield potentials. This seed-borne fungus is usually found on soil surface or plant debris surviving for at lease two years on diseased stem tissues either on the soil surface or buried [10, 11] . Cowpea plants and seeds infected by C. destructivum have been reported to manifest necrotic flecks or lesions on the girdle stem, penducles and petioles [2] .
Fungicides like benomyl, thiophanate-methyl, thiobendazole, strobilurin fungicide azoxystrobin (Quadris), trfloxystrobin (fint), and pyraclostrobin(Cabrio) are being applied as pre-and post-harvest sprays to effectively reduce the degree of infection by C. destructivum, and C. gloeosporioides [4, 12] . However, fungicide tolerance often arises quickly, if a single compound is relied upon too heavily [13] . Moreover, there are numerous reports of negative effects of using chemicals on farmers' income and health, and toxic contamination to the environment, particularly in the developing countries [14] . Besides, the excessive use of synthetic chemical fungicides has lead to reduction in effectiveness and development of resistance within the population of post-harvest pathogens [15] .
The use of pesticides of plant origin have been suggested by some workers as alternatives to synthetic chemicals, in order to counter the potential hazards and pollution problems associated with the use of synthetic chemicals [16, 17] . Recent studies have confirmed the efficacies of plant extracts in the control of fungal diseases [18] [19] [20] . Presently, considerable efforts are directed at exploring the potentials of botanical as alternative or complementary to synthetic chemicals. Botanicals have the advantage of not only being readily available, affordable, safe, and efficacious but biodegradable, hence environmentally friendly [15, 21, 22] . Laboratory and field trials have shown that the crude extract from rhizome, leaves and creeping branches of sweeflag (Acorus calamus L.), palmorosa (Cymbopogon martinii) oil, Ocimum sanctum leaf extract, and neem (Azadirachia indica) oil could restrict growth of anthracnose fungus [23] . With these promising results, there is still the need to search for more botanicals so as to complement the available arsenal of synthetic chemical and ultimately, increase the array of choices required for effective management of anthracnose diseases caused by C. destructivum.
Cyathula prostrate L. Blume (Amaratheceae) is an annual, branched herb/shrub reaching up to 1m with stem trails on the ground and bears leaves which are rhomboid-oblong and adhesive fruits [24] . Its extract is applied to manage diverse human ailments in Nigeria and other African countries [24, [25] [26] [27] . Recently, it was documented to possess significant antibacterial and antifungal activities against some human pathogens [27] .
Diodia scandens SW (Rubaceae) is a straggling perennial herb with slender angular stem up to 3m high, with opposite to alternate ovate lanceolate leaves and white clustered flowers [28] . In Nigeria, the leaf extracts are used to cure eczema, stop bleeding, manage bruises and as arbotifecient [29, 30] . It antimicrobial and anti-dermetophytic activities have been reported [31, 32] . Recently, the potential of D scandens leaf extract in the control of fungal rot of white yam was also demonstrated [33] .
In view of the enormous potentials of these botanicals, it is pertinent to further explore their abilities as control agent of anthracnose diseases of cowpea. Research work in relation to anthracnose disease management of cowpea is yet to develop effective alternative/options. Hence, this study was undertaken with the aim of providing broader options by evaluating the potentials of leaf extracts of Cyathula prostrata and Diodia scandens against Colletotrichum destructivum O'Gara, the causal agent of anthracnose disease of cowpea in Nigeria.
MATERIALS AND METHODS

Collection of Samples
Fresh plant samples were collected from farm land around Novena University Campus in January 2012. They were identified and authenticated as Cyathula prostrata and Diodia scandens by Prof. J.M.O. Eze, a botanist in the Department of Biological Sciences, Novena University Herbarium, Amai campus, Delta State, Nigeria, where voucher specimens were deposited for future reference. Infected cowpea (Vigna unguiculata L. Walp) pods, with typical symptoms of anthracnose disease, were collected from the Research farm of Michael Okpara University of Agricultrure, Umudike, Nigeria.
Preparation and Extraction of Plant material
The leaves of the plant materials were separated, washed thoroughly in tap water and rinsed in sterile distilled water and allowed to air dry on laboratory bench for 14days. Thereafter, the dried leaves were ground into fine powder using an electric milling machine (Model Corona Lavesh 250) which was stored in air-tight bottle. Various grams (40-100g) of the powdered samples were weighed out and soaked separately in 100ml of sterile distilled water contained in 250ml conical flask, and allowed to stand for 24hours with intermittent manual shaken. The different extracts were subsequently filtered through four folds clean muslin cloth to obtain the following working concentrations; 40%, 60%, 80% and 100% (w/v).
Isolation and Identification of Colletotrichum destructivum.
The infected cowpea pods were cut into small pieces and surface sterilized for one minute in 1.0% sodium hypochlorite (NaOCl) solution and rinsed in three changes of sterile distilled water They were dried on sterilized filter paper and then plated on sterile Petri plates (9cm diameter) of Potato Dextrose Agar (PDA) and incubated at ambient temperature 28 ± 2°C for 1 week. After the emergence of mycelial growth, each of the fungal colonies was repeatedly sub-cultured to fresh sterile PDA plates to obtain a pure culture of the pathogen. Slides of fungal mycelia from fresh cultures were examined under the dissecting and compound microscope and confirm as Colletotrichum destructivum by comparing their morphological and cultural distinctiveness with images as described by [34] .
In vitro Experiment
The inhibitory effect of the extracts against the hyphal growth of Colletotrichum destructivum was determined using a growth rate method as described by [35] , with slight medications. A volume of 16ml of molten PDA (prepared according to manufacturer instruction, and supplemented with Streptomycin sulphate (100mg/l) to prevent bacterial contamination) was thoroughly mixed with 4 ml aliquot each of the different extract concentrations (40-100%w/v) in a measuring cylinder. The final concentration of each plant extract in PDA was 20 mg/ml. The mixture was then distributed equally into sterile Petri dishes (9 cm diameter) to produce the toxic culture medium. The control media contained equal volume of sterile distilled water without any extract and or benomyl (3%w/v). Mycelial discs (5mm in diameter) from a 1-week-old culture of the fungus were collected using a sterile cork borer from the edge of an actively growing colony. Using sterile tweezers, one mycelial disc was placed at the centre of a Petri dish and incubated at 28±2 o C. The mycelial growth was determined by measuring the colony diameter at 7 days after inoculation with a transparent ruler. Each treatment was replicated three times and the experiment was repeated twice. The percentage inhibition of mycelia growth was calculated using the formula of [36] , as shown below:
Where DC = colony diameter of control and DT = colony diameter of treated plates.
To determine the effect of the plant extracts on sporulation of C. destructivum, the method of [37] , with slight modification, was adopted. A 5mm diameter discs was cut from advancing edges of 10 day-old pure cultures of C. destructivum O'Gara using a sterile cork borer. The mycelial disc was transferred into a sterile test tube and treated for a period of hourly with 5ml each of the extract concentration (40-100%). After each hour, the content of each test tube was centrifuged for 10 minutes and then filtered through four layers of sterilized cheese cloth to remove any adhering mycelia. 0.05ml of the suspension of the pathogen (adjusted to the desired level 1× 10 5 spores/ml with the aid of a haemocytometer) was placed on sterile slides and incubated at 28 o C for 24 hours in a humid chamber for spore germination. The controls set-up prepared along the test experiment included sterile distilled water or 3% benomyl (fungicide) instead of plant extracts in the test tubes. After 24 hours incubation, further spore germination on the slides was stopped by adding one drop of lactophenol in cotton blue to each suspension. The treatments were replicated three times. The effect of the treatments on the germination of spores of C. destructivum was evaluated by examining 100 randomly selected spores under a microscope field. Records were taken of the number of germinated spores per treatment per replicate. The fungi toxicity of the extracts was determined as the percentage inhibition of spore germination compared to the controls using the formula by [36] :
Where GC = Mean spore germination with Control GT = Mean Spore germination with Treatment
Statistical analysis
Data were analyzed using analysis of variance(ANOVA) to determine the differences between treatment, and treatment means were separated with Duncan's Multiple Range Test (P = 0.05), using the SAS program [38] .
RESULTS
The results from this study showed that leaf extracts of both plant demonstrated significant (P < 0.05) inhibitory activity on the mycelial growth and germination of the spores of C. destructivum especially at the higher concentrations of the extract. From Table  1 , it shows that D. scandens leaf extract at concentrations of 60, 80 and 100% caused a marked mycelial growth inhibition diameter of 67.19, 78.10 and 85.55% respectively against the cowpea pathogen. However, only the 80% and 100% extract concentrations of C. prostrata gave a significant mycelial growth inhibition (60.25 and 68.25%) against the pathogen. No mycelial growth inhibition was recorded by the control (sterile distilled water) treatment, while a significant growth inhibition of 87.12% was observed from treatment of the pathogen with benomyl (3%).
The effect of the leaf extracts were concentration and time dependent (Table 2 ). The treatment of the pathogen's spore with 40% C. prostrata extract showed a gradual increase in the percentage inhibition of sporulation from 32.21-34.12% after 3hours. The percentage sporulation inhibition (45.01%) observed at 60% extract treatment after 3hours was however significantly higher (P<0.05) than those after 2hours. Moreover, extract treatment with 80 and 100%, were slightly higher after 1hour treatment period against the pathogens spores. With the leaf extract of D. scandens, treatment with 40% concentration after 3hours was significantly pronounced (48.31%). Treatments with the 60-100% generally displayed marked effect on the sporulation of the pathogen after 2hour contact speriod.
A comparison between the effect of both leaf extracts at 100% concentration and 3% benomyl (a standard fungicide), indicated that D. scandens achieved a greater (P>0.05) growth percentage inhibition of spore germination and mycelial growth of the pathogen than the fungicide (Table 1and 2). The percentage inhibition of sporulation observed from the leaf extract of C. prostrata and D. scandens were however significant when compared with the standard fungicide especially at 80 and 100%, and 60, 80 and 100% concentrations respectively.
DISCUSSION
The observed significant inhibition of mycelial growth and sporulation of C. destructivum by both aqueous D. scandens and C. prostrata in this study implies that the secondary metabolites from these plants possess antifungal properties. Previous study on the phytochemical analysis of aqueous leaf extracts revealed the presence of were saponins, tannins, flavonoids, cardiac glycosides and steroids in both plant [27, 33] . The presence of saponins and other phyto-compounds had been documented to exert antifungal activities [27, 32, 33, 39] . The differences in the potency of the leaf extracts on C. destructivum may probably suggest differences in type and amount of active ingredients in the extracting solvent. Hence, D. scandens compounds may be more soluble in water and may contain such substituent on the carbon skeleton as hydroxyl or carbonyl groups than C. prostrata compounds. Earlier researchers had reported similar observations [3, 33, 36, 37] .
The observed significant in vitro concentration dependent inhibition of the mycelial growth of C. destructivum suggests that at relatively high concentration these extract could be effectively used to manage the incidence of this pathogen. Also, the significant inhibition of the spore germination at the various treatments especially after an hour treatment probably indicates that a relatively increase in the concentration and exposure time of extract-pathogen contact would produce a satisfactory management measure against pathogen of cowpea. The superior fungitoxic activity of D. scandens leaf extract over benomly fungicide at 100% concentration even after 3hours treatment further suggest the potency of this plant as a potential biological agents for the management of cowpea disease. This finding is however in disagreement with the work of [37] , who reported that benomyl demonstrated superior activity over Piper guineense and Carica papaya aqueous leaf extracts at 100% concentrations. This could be attributed to the differences in the secondary metabolites of each plant.
The mechanisms of action of these plants though not determined could be due to the ability of the active ingredients of the extracts to either inhibite cellular spindle formation within the cell thereby preventing meiosis and mitosis, block the enzymes involved in appressoria formation or disrupt the cell membrane integrity thereby leading to leakage of radicals [42] [43] [44] .
Although the selected concentration of tested plant species was unable to exhibit a 100% growth inhibition due to their crude nature, they could be purified and used alone or in combination with fungicides to minimize the application of fungicides. 
